1966.-Inoculation of green monkey kidney cells (GMK) with adenovirus types 2 or 12, under conditions where neither infectious virus was synthesized, resulted in an increase in the uptake of H3-thymidine into deoxyribonucleic acid (DNA). Extraction of the DNA from infected cells, followed by identification by isopycnic analysis in CsCl gradients, revealed the presence of virus DNA. Cells infected with adenovirus type 2 yielded DNA giving bands with peak densities of 1.699 g/ml [GMK DNA with 40 moles % guanine + cytosine (GC)] and 1.714 g/ml (adenovirus type 2 DNA with 55 moles % GC). Cells infected with adenovirus type 12 also yielded the GMK DNA and a band at 1.706 g/ml (adenovirus type 12 DNA with 47 moles % GC). The rate of synthesis of adenovirus type 2 DNA in KB cells (productive cycle) and in GMK cells infected only with adenovirus (nonproductive cycle) or with adenovirus and simian virus 40 (adeno-productive cycle) was not significantly different.
It has been previously documented that simian papovavirus 40 (SV40) potentiates the replication of human adenovirus types 2, 4, 5, 7, and 12 in African green monkey kidney (GMK) cell cultures (1, 7, 14, 18, 20, 23) . These adenoviruses, in the absence of SV40, induce an abortive cycle of replication in GMK cells. The adenoviruses adsorb and penetrate into the GMK cell and induce the synthesis of adenovirus tumor antigens (7, 14) . However, by use of immunofluorescent techniques, adenovirus capsid antigens were not detected during the abortive infection (7, 14) .
Joint infection of GMK cells with adenovirus and
with SV40 resulted in the synthesis of both SV40 and adenovirus tumor and viral antigens (7, 14) , the development of both types of virions in the same cell (18) , and an increase in the infectious titer of both viruses (7, 8) .
To explore the interaction of SV40 and adenoviruses in GMK cells, it seemed logical to carry out studies designed to determine whether SV40 1 American Cancer Society Professor of Virology.
was required for early or late steps in the potentiation of adenoviruses in the simian cells. Since several of the early events noted in the abortive cycle of adenoviruses in GMK cells are not dependent on DNA synthesis, it became necessary to investigate whether adenovirus DNA was produced during the abortive process and, if so, whether coinfection of GMK cells with SV40 markedly changed the rate of synthesis of adenovirus DNA. The present communication describes the results of this study.
MATERIALS AND METHODS
Cultures. Primary GMK cultures were grown in 16-oz (453.6 ml) bottles as previousy described (17) Viruses. The adenovirus types 2 and 12 used in these experiments have been described (7) . These viruses had never been passaged in simian cells, and the stocks were devoid of adeno-satellite viruses (15) . The Baylor reference strain of SV40 has also been previously described (16, 21) .
Radioactive labeling ofdeoxyribonucleic acid (DNA). Tritiated thymidine (2 c/mmole, New England Nuclear Corp., Boston, Mass.) was used to pulse-label newly synthesized DNA. A 10-,uc amount of tritiated thymidine was added to 60-mm plastic petri dishes containing 5 ml of maintenance medium, and the period of pulse-labeling was extended for 1 hr. The fluid was then removed, and the cells were washed five times with cold tris(hydroxymethyl)aminomethane (Tris) saline (0.025 M, pH 7.6). The cells were then scraped into 1 ml of cold 0.3 N perchloric acid (PCA), centrifuged at 2,000 X g in the cold, and washed three times in cold 0.3 N PCA. After the final wash, 0.5 ml of 0.5 N PCA was added, and the pellet was hydrolyzed at 70 C for 1 hr. The supernatant fluid was used for determining radioactivity and DNA. DNA concentrations were determined by the Burton method (4).
Measurement of radioactivity. Lysate production and isopycnic analysis ofextracted DNA. Culture fluids were decanted from tissue culture bottles, andthe tissue layer was rinsedwith saline-EDTA solution (0.15 M NaCI plus 0.1 M Na2 ethylenediaminetetraacetate, pH 8.0). The cultures were incubated with 1 ml of pronase (Calbiochem; 300 ug/ml in saline-EDTA) at 37 C for 10 min to release the cells from the glass. The suspended cells were then lysed by the addition of sodium dodecyl sulfate to a final concentration of 2%. The viscous solution was deproteinized by shaking with an equal volume of phenol saturated with saline-EDTA adjusted to pH 8 with concentrated NaOH just prior to use. The top aqueous phase was removed after centrifugation at 10,000 X g for 10 min at 5 C, and the nucleic acids were precipitated with 2 volumes of 95% ethyl alcohol. The spooled fibers were washed twice with 70% ethyl alcohol, drained of excess ethyl alcohol, and dissolved in 0.15 M NaCl in 0.015 M Na3 citrate at pH 7.0. Nucleic acid concentrations of the partially purified lysates were estimated from the ultraviolet absorbancies between 230 and 280 mrA (2), and portions estimated to contain from 2 to 4/Ag of DNA were taken for analytical CsCI density gradient ultracentrifugation (24) . Centrifugation was carried out for at least 23 hr at 25.0 C at 42,040 rev/ min in a Spinco model E analytical ultracentrifuge fitted with monochromator and direct ultraviolet photoelectric scanner. Cells were scanned at a wavelength of 265.4 mjA. Four-cell operation was employed, with use of appropriate wedge windows and rotating mask to separate the images of each cell. DNA of Bacillus subtilis bacteriophage SP8 of a density of 1.742 g/ml was employed as a reference, and the density [and consequent guanine plus cytosine (GC) content] of each peak of DNA at equilibrium in the gradient was calculated as described by Schildkraut, Marmur, and Doty (24) . The relative amount of DNA in each molecular distribution in the sample was estimated from the planimetric measurements of the area under the absorbance curves. The measurements of area were reproducible within 5%.
RESULTS
Initial experiments were carried out to determine the effect of adenovirus infection on DNA synthesis in GMK cells. Primary GMK cell cultures (10 days old) in 60-mm plastic petri dishes were used. Growth medium was replaced by maintenance medium 24 hr before inoculation of the virus. At the time of inoculation, the maintenance fluid was removed, and 0.5 ml of an adenovirus type 2 stock was added to the petri dishes. The multiplicity of infection in all experiments was 10 plaque-forming units (PFU) per cell; the titers had been obtained in human embryonic kidney cells (8) . The virus was allowed to adsorb at 37 C for 1 hr, after which the excess virus was removed by washing the cultures with warm Tris-saline buffer (pH 7.6). Duplicate plates were sham-infected with 0.5 ml of Tris-saline buffer. At various times after a 1-hr pulse with H3-thymidine, the virus-infected cultures and the sham-infected cultures were harvested as described in Materials and Methods.
The results of one experiment are presented in Fig. 1 . A slight decrease in uptake of H3-thymidine was observed 5 to 6 hr after inoculation, at which time the virus-infected cultures were compared with uninoculated control cultures. From 24 to 48 hr after inoculation, the virus-infected cultures showed a higher rate of incorporation of H3-thymidine than the uninfected cultures; 72 to 73 hr after inoculation, the rate of uptake of label was the same in infected and in control cultures. The position of the absorbance peak of the adenovirus type 2 DNA was not altered when the GMK cells wero simultaneously co-infected with SV40 (Fig. 3a, b) . A peak for SV40 DNA was not detected (Fig. 3b) DNA is 41 moles % (6), and would therefore be masked by the GMK DNA. The same peak of viral DNA appeared in lysates of infected KB cells (Fig. 3c) .
A similar series of experiments were performed with adenovirus type 12 (Fig. 4 ). An input multiplicity of about 4 PFU per cell was used, and the adenovirus DNA peak appeared 41 hr after inoculation at a density of 1.706 g/ml (curve b). This value, and the corresponding 47 moles % of GC, was again in good agreement with previously published figures for adenovirus type 12 DNA (19) . Co-infection of the cells with SV40 did not alter the DNA results described. The data thus far presented indicated that adenovirus DNA is synthesized in the abortive infection of GMK cells. We next investigated the rate of synthesis of adenovirus DNA during the abortive cycle in GMK cells, during the replicative cycle in KB cells, and in GMK cells coinfected with SV40. A series of 16-oz (453.6 ml) bottles of KB cell cultures were inoculated with adenovirus type 2. At the same time, a series of 16-oz (453.6 ml) bottles of GMK cell cultures were inoculated with adenovirus type 2, and another series with adenovirus type 2 and SV40. The bottles were harvested at 6-hr intervals from 18 to 66 hr after inoculation, and the DNA was extracted and analyzed at equilibrium in CsCl gradients. The areas under the curves were measured as described and the results are presented in Fig. 5 . In all systems, a significant rate of adenovirus DNA synthesis was observed, as seen from the slopes of lines a, b, and c. (11, 12) .
Arabinofuranosylcytosine and 5-fluorodeoxyuridine, which inhibit the synthesis of adenovirus and SV40 DNA (10, 13) , also prevent the synthesis of capsid antigens in infected human (9, 10) and simian (5, 21) cell cultures. It has therefore been suggested that the formation of progeny viral DNA is necessary for the production of viral capsid antigens. Immunofluorescent studies have failed to reveal the induction of viral capsid proteins in GMK cells abortively infected with adenovirus types 2, 7, and 12 (7, 14 
